
Acta Neurochirurgica (2022) 164:2209–2218

Vol.:(0123456789)1 3

https://doi.org/10.1007/s00701-022-05272-0

ORIGINAL ARTICLE - VASCULAR NEUROSURGERY - ANEURYSM

Serum S100B correlates with health‑related quality of life 
and functional outcome in patients at 1 year after aneurysmal 
subarachnoid haemorrhage

Helena Aineskog1   · Conny Johansson1 · Robert Nilsson1 · Lars‑Owe D. Koskinen1 · Peter Lindvall1

Received: 31 January 2022 / Accepted: 20 April 2022 
© The Author(s) 2022

Abstract
Background  Early, objective prognostication after aneurysmal subarachnoid haemorrhage (aSAH) is difficult. A biochemical 
marker would be desirable. Correlation has been found between levels of the protein S100 beta (S100B) and outcome after 
aSAH. Timing and clinical usefulness are under investigation.
Methods  Eighty-nine patients admitted within 48 h of aSAH were included. Modified ranking scale (mRS), EuroQoL health-
related quality of life measure (EQ-5Dindex) and EuroQoL visual analogue scale (EQ-VAS) values were evaluated after 1 
year. S100B was measured in blood samples collected at admission and up to day 10.
Results  S100B correlated significantly with EQ-5Dindex and mRS, but not EQ-VAS at 1 year after aSAH. A receiver operating 
characteristic analysis for peak S100B values (area under the curve 0.898, 95% confidence interval 0.828–0.968, p < 0.0001), 
with a cutoff of 0.4 μg/l, yielded 95.3% specificity and 68% sensitivity for predicting unfavourable outcome. Dichotomized 
S100B (> 0.4 μg/l vs ≤ 0.4 μg/l), age and Hunt and Hess grading scale score (HH) were associated with unfavourable mRS 
outcome in univariate logistic regression analysis. Dichotomized S100B was the only variable independently correlated with 
unfavourable mRS outcome in a multivariate logistic regression analysis.
Conclusions  For the first time, S100B was shown to correlate with mRS and health-related quality of life at 1 year after 
aSAH. Peak S100B can be used as a prognostic factor for unfavourable outcome measured as dichotomized mRS after aSAH. 
A peak value cutoff of 0.4 μg/l is suggested. Ethical approval no: 2013/366-31, 4th of February 2014.

Keywords  Subarachnoid haemorrhage · Modified ranking scale · EQ-5D-3L: EuroQoL health-related quality of life · 
S100B

Introduction

Aneurysmal subarachnoid haemorrhage (aSAH) remains a 
major cause of morbidity and mortality. Although account-
ing for a small proportion of all strokes (5%), the early age 
of onset (40–60 years) and the poor prognosis result in loss 
of many productive life years [9]. The most common cause 
of spontaneous SAH is aneurysm rupture, with an incidence 
of 9 cases per 100,000 patients/year [9].

Factors associated with unfavourable outcome include 
high age, worse clinical condition on admission and amount 
of blood seen on first computed tomography (CT) scan [6, 
12, 19]. The Hunt and Hess grading scale score (HH) can be 
used for grading the clinical condition on admission and is 
strongly correlated with poor outcome, but the instrument 
is based on clinical assessment, making it subject to inter-
observer variability and difficult to use in sedated patients. 
The Fisher grade can be used for rating the amount of blood 
seen on first CT scan after aSAH [3]. A biochemical marker 
to objectively and accurately assess and predict the clinical 
severity of SAH would be of great clinical value.

S100 beta (S100B), a calcium-binding protein of 9–14 
kDa with a relatively short biological half-life, occurring 
primarily as homodimers, has been recognised as a reliable 
marker for brain tissue injury [22]. The protein is mainly 
concentrated in astrocytes and other glial cells within the 

This article is part of the Topical Collection on Vascular 
Neurosurgery - Aneurysm

 *	 Helena Aineskog 
	 Helena.Aineskog@regionvasterbotten.se

1	 Department of Clinical Sciences – Neurosciences, Umeå 
University, 901 87 Umeå, Sweden

Published online: 24 June 2022/

http://orcid.org/0000-0003-3354-4146
http://crossmark.crossref.org/dialog/?doi=10.1007/s00701-022-05272-0&domain=pdf


Acta Neurochirurgica (2022) 164:2209–2218	

1 3

central nervous system, but is also found in, e.g. adipocyte 
tissue and melanocytes. Elimination of S100B occurs only 
in the kidneys [22]. Stored S100B is released extracellularly 
from astrocytes affected by trauma or metabolic distress [4]. 
The majority of S100B in bodily fluids seems to come from 
dead or dying cerebral tissue [22].

S100B has been studied in relation to several conditions, 
such as traumatic brain injury, ischemic stroke and spontane-
ous SAH, with its concentration in serum found to correlate 
well with both outcome and extent of injury to the brain 
parenchyma [10, 15, 22].

There are data supporting the use of serum S100B for 
prognostication of functional outcome after aSAH [1, 2, 17]. 
Questions remain regarding the best timepoint to measure its 
levels, and if an average value or a peak value is more reli-
able [20]. No convincing correlation has been found between 
deterioration in vasospasm after SAH and higher levels of 
S100B [8].

To our knowledge, no previous attempts have been made 
to investigate the use of S100B to prognosticate long-term 
outcome measured as health-related quality of life.

We hypothesised that there might be an association 
between brain tissue injury measured as S100B after aSAH 
and health-related quality of life as well as functional 
outcome.

Our primary aim was to investigate if S100B could be 
used for prognostication of health-related quality of life and 
functional outcome 1 year after aSAH.

Materials and methods

Study population

Patients, aged ≥ 18 years, admitted to our unit between 
November 2014 and March 2018 within 48 h of ictus of 
aSAH from an aneurysm not previously treated were consid-
ered for inclusion. This retrospective study of prospectively 
collected data was planned a priori as part of a larger multi-
centre study run in parallel, encompassing all neurosurgical 
centres in Sweden. A prospectively enrolled cohort of 103 
consecutive patients was included in the study. Informed 
consent was obtained from all included patients or an appro-
priate next of kin (90 patients).

Clinical and CT evaluation

At admission, clinical severity was evaluated using HH, as 
described elsewhere [5]. The aSAH diagnosis was confirmed 
through CT and CT angiography of the head or digital sub-
traction angiography. All patients eligible for treatment 
underwent endovascular intervention or surgery, as assigned 
by a board of neurosurgeons and neuroradiologists. The 

initial CT was reviewed by an independent neuroradiolo-
gist on site, blinded to S100B. The blood distribution was 
evaluated by a specially trained clinician (HA), blinded to 
all other data, using the Fisher grade [3]. The Fisher grade 
was dichotomized (dFG) by amount of blood into ‘FG0–3’, 
in case of a score 0–3 and ‘FG4’, in case of the score 4.

Follow-up was performed 1 year after aSAH. Functional 
outcome was assessed using the modified ranking score 
(mRS), determined based on a structured interview with 
the patient or next of kin performed by a trained research 
nurse [7, 24]. A dichotomization of mRS (dmRS) was used 
to define outcome as favourable (0–3) or unfavourable (4–6).

In this study, health-related quality of life was assessed 
using both EQ-5Dindex and the visual analogue scale EQ-
VAS. EQ-5Dindex is a self-assessed, five-dimensional scor-
ing system focusing on mobility, self-care, usual activities, 
pain/discomfort and anxiety/depression. Each dimension is 
scored at one of three levels (no, moderate or severe prob-
lems). The UK value set was used to calculate an EQ-5Dindex 
value for each patient. This generates 243 possible health 
states, each represented by a single index value, EQ-5Dindex, 
where 0 represents death and 1 represents full health. EQ-
VAS is a self-assessment instrument, ranging from 0 (worst 
imaginable health) to 100 (best imaginable health), and can 
only be used if the patient is alive. Next of kin would help 
with evaluating EQ-5Dindex when possible, but not EQ-VAS.

Chemicals and equipment

Venous blood samples were collected at admission to the 
neuro-intensive care unit, and every third day by a research 
nurse (during weekdays, 8 am to 4 pm) up to day 10. Patients 
admitted after S100B were introduced as a standard meas-
ure in the clinic (n = 58) and had samples taken daily in 
accordance with the clinical sampling protocol. Day 0 was 
defined as the first 24 h after the suspected timepoint of 
haemorrhage. If two samples were collected from a patient 
during the same time interval, e.g. 0–12 h, 0–24 h, the 
highest recorded value was included. Serum samples were 
analysed using a sandwich-biotinylated monoclonal S100B 
and second-stage ruthenium complex-based assay (ECLIA, 
Elecsys S100, Cobas 801, Roche Diagnostics Scandinavia). 
The method is established as a routine assay at the accredited 
laboratory at Umea University Hospital. According to the 
manufacturer, normal serum levels are ≤ 0.1 μg/l.

Statistical analyses

IBM SPSS Statistics software (v 26) was used for analy-
ses. Non-parametric tests were used as the data were not 
normally distributed. Mann-Whitney U-tests were used to 
compare demographics as well as S100B and Fisher grade. 
A Kruskal-Wallis test was performed to compare S100B 
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levels between outcome groups. Spearman’s correlation 
was used to analyse correlations between S100B levels and 
outcome based on mRS, EQ-5Dindex and EQ-VAS.

The optimal cutoff value of serum S100B levels for 
predicting unfavourable outcome and the correspond-
ing sensitivity and specificity was determined based on 
a receiver operating characteristic (ROC) curve analy-
sis and the corresponding area under the curve (AUC). 
A significance level of p ≤ 0.05 was used. Multivariate 
logistic regression was performed to assess the predictive 
capacity of S100B, as well as the other variables included. 
Clinically relevant, known predictors of functional out-
come were chosen before performing the analysis. We 
only used predictors that were easily available or readily 
measured at admission to the neurosurgical department. 
p for the parameters included in the multivariate analysis 
was set at 0.05. An Omnibus test was run to reject the 
null hypothesis for the multivariate regression analysis 
and chi-squared and Hosmer and Lemeshow tests were 
used to identify a good model fit. Based on the ROC curve 
analysis, a dichotomized S100B variate was included, with 
S100B > 0.4 μg/l assumed to correlate with unfavourable 
outcome and S100B ≤ 0.4 μg/l assumed to correlate with 
favourable outcome.

Univariate logistic regression was performed for all 
considered variables, including those not used for the 
multivariate analysis. Univariate logistic regression was 
used to assess the predictive capacity of S100B levels, as 
well as other prognostic factors, for unfavourable clinical 
outcome and p was set to 0.01 for the analysis. Nagel-
kerke’s pseudo R2 was used to further explore the predic-
tive capacity of S100B at different timepoints. A scatter-
plot was created to illustrate individual representation of 
EQ-5Dindex in relation to peak S100B. We did not correct 
for multi-comparisons, as the most important results had 
a p < 0.01.

Results

Amongst a total of 103 patients preliminarily included, 
13 were excluded because no S100B samples were avail-
able. One patient withdrew from participation at follow-up. 
Twelve patients died before follow-up (four within a week, 
nine within a month, eleven within 3 months and all within 
7 months). All 89 patients were included in the mRS evalua-
tion. Eleven patients did not attend an EQ-5Dindex evaluation 
and 23 could not perform the EQ-VAS. Follow-up was per-
formed 1 year after aSAH, median 1.4 years in the favour-
able outcome group (min 0.9, max 3.4 years) and median 
1.5 years in the unfavourable outcome group (min 0.9, max 
3.3 years), without any significant difference between the 
two groups (p = 0.791). Clinical characteristics and differ-
ences in parameters between functional outcome groups 
are presented in Table 1. High age, multiple aneurysms and 
endovascular treatment correlated with unfavourable mRS 
outcome. The unfavourable outcome group had higher 
Fisher grades and HH. HH at admission was missing for 11 
patients, who were admitted already sedated and intubated 
at arrival. Surgery was performed in 49 patients (55%) and 
36 (40.5%) were treated with an endovascular approach. 
Four patients had no intervention due to poor clinical status. 
Favourable outcome, measured as dmRS 1 year after ictus, 
was seen in 72% (n = 64) of the patients.

Outcome

EQ-5D outcome at 1-year follow-up is shown in Table 2. 
The mean EQ-5Dindex was 0.58 ± 0.38 (n = 78) and mean 
EQ-VAS was 72.1 ± 21.8 (n = 66). Worse outcome for both 
EQ-5Dindex and mRS correlated with higher serum levels 
of S100B (Spearman’s correlation), as shown in Table 3. 
No significant correlation was found for EQ-VAS. Strong 

Table 1   Clinical characteristics and differences between dichotomized mRS outcome groups (favourable and unfavourable). Ant anterior cer-
ebral circulation, Post posterior cerebral circulation, Endo endovascular intervention, Surg surgery

Total Favourable Unfavourable p

Age (years) Median (min–max) 60 (28–82) 58 (28–79) 65 (28–82) 0.006
Gender (male:female) n:n 25:64 19:45 6:19 0.794
BMI (kg/m2) Mean (min–max) 27 (17–49) 28 (17–49) 27 (20–43) 0.334
Hypertension (yes:no) n:n 40:49 27:37 13:12 0.480
Ongoing smoking (yes:no) n:n 37:49 24:40 13:9 0.087
Multiple aneurysms (yes:no) n:n 20:69 10:54 10:15 0.022
Aneurysm location (Ant:Post) n:n 74:15 55:9 19:6 0.345
Treatment modality (Endo:Surg) n:n 36:49 23:41 13:8 0.045
Fisher grade (I:II:III:IV) n:n:n:n 0:1:22:66 0:1:22:41 0:0:0:25 -
HH grade (I:II:III:IV:V) n:n:n:n:n 9:28:17:17:7 8:28:15:8:0 1:0:2:9:7 -
mRS (0:1:2:3:4:5:6) n:n:n:n:n:n 33:15:7:9:0:0:0 0:0:0:0:10:3:12
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associations were seen between EQ-5Dindex and mRS, 
respectively, and dichotomized S100B peak levels (> 0.4 
μg/l vs ≤ 0.4 μg/l) with individual sampling in the first 0–12 
h from ictus. Measurements at other timepoints also revealed 
strong correlation between mRS and S100B and moderate 
correlation between EQ-5Dindex and S100B.

Figure 1 illustrates individuals’ EQ-5Dindex 1 year after 
bleeding in relation to peak S100B. A reference line illus-
trates the cutoff for peak S100B concentrations (higher or 
lower than 0.4 μg/l). Median EQ-5Dindex at 1-year follow-up 
was 0.73 (IQR 0.41) for patients with peak S100B values ≤ 
0.4 μg/l and 0.00 (IQR 0.07) for patients with peak S100B 
> 0.4 μg/l (p = 0.002).

Daily median S100B values for the two dmRS groups 
over time are shown in Fig. 2. There was a significant dif-
ference between outcome groups at different timepoints. 
The highest median S100B value was observed on day 0 
in both dmRS groups. Multivariariate logistic regression 
was used to find clinically relevant predictors for unfavour-
able outcome defined based on dmRS (Table 4). HH, age, 
presence of multiple aneurysms, rupture of anterior- versus 
posterior-circulation aneurysms and peak S100B dichoto-
mized to > 0.4 μg/l or ≤ 0.4 μg/l were considered clinically 
relevant to include. In this multivariate model, only S100B 
was a significant predictor (p < 0.05). Univariate logistic 
regression results are also shown in Table 4. In the univariate 
model, only HH and S100B were significant predictors of 
outcome. Nagelkerke’s pseudo R2 revealed a stronger cor-
relation between peak S100B and unfavourable functional 
outcome as compared with mean values.

Although Fisher grade was not found to correlate with 
dmRS outcome, peak S100B concentration differed signifi-
cantly between dichotomized Fisher grade groups (dFG0–3 
and dFG4). The median level of peak S100B was 0.09 μg/l 
(IQR 0.05) in the dFG0-3 and 0.23 μg/l (IQR 0.45) in dFG4 
(p ≤ 0.001). Within the dFG4 group, there was a signifi-
cant (p ≤ 0.001) difference in median peak S100B between 
favourable (0.14 μg/l, IQR 0.175) and unfavourable mRS 
outcomes (0.56 μg/l, IQR 0.745).

Table 2   EQ-5D outcome at 1-year follow-up

EQ-5D EuroQoL health-related quality of life measure (3-level ver-
sion), EQ-VAS EuroQol visual analogue scale, SD standard deviation

Mobility, n (%)
  No problems 49 (74)
  Moderate problems 15 (23)
  Severe problems 2 (3)
Self-care, n (%)
  No problems 53 (80)
  Moderate problems 8 (12)
  Severe problems 5 (8)
Usual activities, n (%)
  No problems 44 (67)
  Moderate problems 14 (21)
    Severe problems 8 (12)
Pain/discomfort, n (%)
  No problems 33 (50)
  Moderate problems 27 (41)
  Severe problems 6 (9)
Anxiety/depression, n (%)
  No problems 35 (53)
  Moderate problems 30 (45)
  Severe problems 1 (2)
EQ-5D index, mean ± SD 0.58 ± 0.38
EQ-VAS, mean ± SD 72 ± 21.8

Table 3   Spearman correlation between S100B levels and mRS, EQ-5Dindex, EQ-VAS and HH at admission

mRS modified ranking scale, EQ-5D, EQ-5D-3L EuroQoL health-related quality of life measure (3-level version), EQ-VAS EuroQoL visual ana-
logue scale, HH Hunt and Hess grading scale score. aDichotomized groups with S100B peak value of ≥ 0.4 μg/l or < 0.4 μg/l. bAt admission. 
*Significant at p ≤ 0.001, **significant at p ≤ 0.01, ***significant at p ≤ 0.05

Peak dPeaka Peak d0–1 Peak d0–2 Peak d0–3 Mean d0–10 Mean d0–3 0–12 h Day 0 Day 1 Day 2

mRS
Rho 0.57* 0.62* 0.47* 0.51* 0.50* 0.53* 0.50* 0.57* 0.46* 0.46* 0.40**
n 89 89 79 87 88 89 88 51 65 59 58

EQ-5Dindex
Rho −0.49* −0.52* −0.42* −0.44* −0.44* −0.42* −0.41* −0.54* −0.39** −0.46** −0.25
n 78 78 70 76 77 76 77 44 57 52 49

EQ-VAS
Rho −0.19 −0.16 −0.12 −0.18 −0.16 −0.12 −0.08 −0.13 −0.05 −0.16 −0.08
n 66 66 58 64 65 66 65 34 45 45 40

HHb

Rho 0.50* 0.46* 0.57* 0.45* 0.45* 0.53* 0.47* 0.66* 0.53* 0.42** 0.28***
n 78 78 68 76 77 78 77 44 56 51 50
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Fig. 1   Scatterplot showing 
individual EQ-5D index score 
and Peak S100B concentrations 
for each patient. An x-axis refer-
ence line at peak S100B of 0.4 
μg/l is shown

Fig. 2   Daily median S100B 
for dichotomized modified 
ranking scale (dmRS) groups. 
Favourable = mRS 0–3 and 
unfavourable = mRS 4–6. Day 
0 represents the first 24 h from 
ictus. The first 24 h is shown 
in 12-h intervals in the table, 
though not represented in the 
graph. S100B levels shown as 
μg/l. IQR = interquartile range. 
Error bars represent 95% confi-
dence interval
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Median peak S100B values did not differ significantly 
between patients given microsurgical (n = 49, peak 
S100B 0.12, IQR 0.15) or endovascular treatment (n = 
36, peak S100B 0.17, IQR 0.28), p = 0.338.

A ROC curve analysis for peak S100B values (AUC 
0.898, 95% confidentiality interval (CI) 0.828–0.968, p < 
0.0001) with a cutoff set at 0.4 μg/l yielded 95.3% speci-
ficity and 68% sensitivity for predicting unfavourable out-
come based on dmRS (Fig. 3).

Post-hoc analyses were performed to compare data 
for the patients with sampling every third day (group 1) 
to those sampled more often due to added clinical sam-
pling (group 2), see Table 5. Further post-hoc analyses 
were performed comparing the sampling groups where 
only data from patients with a first S100B sample taken 
within 24 h of bleeding were included in the analyses, 
see Table 5. A ROC curve analysis determining unfa-
vourable outcome in correlation to peak S100B was per-
formed including all patients (groups 1 and 2 analysed 
together) in whom the first S100B sample was taken 
within 24 h of bleeding (n = 65). An AUC of 0.901 (95% 
CI: 0.82–0.981) and a cutoff value of 0.4 μg/l generated 
97.7% specificity and 68.2% sensitivity.

Table 4   Univariate and 
multivariate logistic 
regression analyses for 1 year 
dichotomized modified ranking 
scale (mRS) outcome (ant 
anterior cerebral circulation, 
post posterior cerebral 
circulation)

Variable p n Nagel-
kerke’s 
pseudo R2

Multivariate 78 0.903
Hunt and Hess 0.06
Age 0.08
Multiple aneurysms 0.08
Ruptured ant. vs post. circ. aneurysm 0.18
S100B > 0.4 μg/l vs ≤ 0.4 μg/l 0.05

Univariate
Hunt and Hess ≤ 0.0001 78 0.556
Age 0.01 89 0.121
Multiple aneurysms 0.016 89 0.089
Ruptured ant. vs post. aneurysm 0.265 89 0.019
Fisher 0.998 89 0.265
Hypertension 0.404 89 0.011
Body mass index 0.473 82 0.010
Ongoing smoking 0.082 86 0.052
S100B > 0.4 μg/l vs ≤ 0.4 μg/l ≤ 0.0001 89 0.513
Peak S100B ≤ 0.0001 89 0.556
Peak S100B d0–1 ≤ 0.0001 79 0.475
Peak S100B d0–2 ≤ 0.0001 87 0.490
Peak S100B d0–3 ≤ 0.0001 88 0.492
Mean S100B d0–10 ≤ 0.0001 89 0.427
Mean S100B d0–3 ≤ 0.0001 88 0.405

Fig. 3   ROC curve showing peak S100B in relation to unfavourable 
outcome, based on dmRS. AUC 0.898, p ≤ 0.0001 (0.828–0.968) 
(dmRS = dichotomized modified ranking scale, favourable = mRS 
0–3 and unfavourable = mRS 4–6. ROC = receiver operating charac-
teristic, AUC = area under the curve)
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Discussion

The aim of this study was to evaluate if serum S100B, col-
lected in the acute phase after bleeding, could be used to 
predict health-related quality of life and functional outcome 
in patients 1 year after aSAH. Serum levels of S100B after 
aSAH correlated with unfavourable outcome in both scor-
ing systems. We found that EQ-5Dindex (but not EQ-VAS) 
was significantly negatively correlated with serum levels of 
S100B. The median EQ-5Dindex at 1-year follow-up differed 
significantly between patients with a peak S100B level of 
more or less than 0.4 μg/l.

S100B concentration in serum could be affected by blood 
brain barrier permeability and glymphatic clearance from 
cerebrospinal fluid (CSF) to serum [23]. Nevertheless, it can 
be reliably measured in both serum and CSF [11]. A correla-
tion of S100B in CSF and serum with Fisher grade has been 
shown, as well as with clinical and functional outcome [1, 
8, 11, 13–15, 20, 25, 26]. In our study, Fisher grade alone 
was not a significant predictor for outcome, but a signifi-
cant correlation between peak values of S100B and dFG was 
found. Also, within dFG4, there was a significant difference 
in S100B values between patients with favourable and unfa-
vourable mRS outcome.

Our study showed an EQ-5Dindex value of 0.58 ± 0.38 
at 1-year follow-up after aSAH. This is in line with results 
from a larger study, presenting a mean EQ-5Dindex value of 
0.58 ± 0.39 for 755 Swedish aSAH patients [18]. S100B 
values correlated more strongly with mRS outcome than 
with EQ-5Dindex in our results. This might be a result of a 
power problem, due to a lower number of patients answer-
ing the EQ-5D evaluation than with data on mRS. It is also 
probable that patients with more cognitive deficits are less 
prone to answer the EQ-5D questionnaire. For EQ-VAS, no 
deceased patients are included. It is possible that differences 
in S100B values would not have been sensitive enough to 
differentiate amongst patients who were doing well enough 

to respond to the EQ-VAS, even if a larger number of par-
ticipants had been evaluated. It has been shown by several 
authors that unfavourable outcome, based on dichotomized 
Glasgow Outcome Score (GOS), corresponds with signifi-
cantly higher S100B levels [1, 11, 14, 17, 20, 25]. Our data 
were well in line with those findings. The mRS is similar 
to GOS, used for grading functional outcome in patients 
after aSAH [21]. We chose a dichotomization of mRS that 
would distinguish between patients in a very poor condition 
and those who might be in a good clinical condition though 
somewhat disabled. In many studies, mRS 3 is considered 
as poor outcome, but there are also studies using the same 
dichotomization of outcome as we have used [16, 21]. The 
definition ‘moderate disability, requiring some help, but able 
to walk without assistance’ led our research group to argue 
that many patients in this clinical status might have a good 
life. We therefore chose to include mRS 3 in the ‘favourable 
outcome’ group. It has been debated if single early S100B 
samples can be used for prognostication or if a mean value of 
samples collected over several days needs to be investigated 
for a realistic view with regard to secondary insults such 
as vasospasm [25]. Some authors have also claimed that 
secondary injury to retractors during surgery might release 
S100B [25]. Our research indicates that several approaches 
could be used, although we do not consider median values 
over a longer period to be a feasible clinical tool. Based on 
our data, there is no obvious advantage from adding later 
values for prognostication. There was no significant differ-
ence in levels of S100B in patients treated with surgery and 
those given endovascular treatment. Measurements during 
the first 72 h of ictus seemed to correlate best with functional 
outcome by dmRS. From day 3 (96 h from ictus), median 
values for both groups were normalised.

After about one-third of the study period, serum S100B 
was incorporated as a standard laboratory measure in our 
clinical setting. This resulted in a substantial number of extra 
samples for about two-thirds of the study group. Post-hoc 

Table 5   Comparison of time to first S100B sample from bleeding, time to peak S100B value after bleeding and median peak S100B value 
between group 1 and group 2

The two groups are compared: A - for all patients included in the study and B - for patients where the first S100B sample was taken within 24 h 
of bleeding. All measurements presented as median values. Group 1: S100B samples taken every third day. Group 2: S100B samples taken every 
third day with addition of routine S100B samples from the clinic

n Time from bleeding 
to 1st sample (h)

IQR p Time from bleeding 
to peak S100B (h)

IQR p Peak 
S100B 
(μg/l)

IQR p-value

A Group 1 31 42 34 45 63 0.10 0.12
Group 2 58 9 5 ≤ 0.001 23 29 0.001 0.20 0.39 0.004
All 89 11 22 33 15 0.16 0.28

B Group 1 12 18 4.8 21 34.5 0.12 0.08
Group 2 53 8 4.5 ≤ 0.001 22 28 0.477 0.19 0.40 0.110
All 65 9 9 22 22 0.16 0.16

2215



Acta Neurochirurgica (2022) 164:2209–2218	

1 3

analyses showed that the first sample was taken significantly 
earlier and the median peak S100B was significantly higher 
in the latter group. When sorting out patients with the first 
S100B sample taken within 24 h of bleeding, the difference 
in median peak S100B concentration did not remain and 
the median time from bleeding to measured peak S100B 
did not differ between the groups. A post-hoc ROC curve 
analysis and regression analysis for the group with the first 
S100B sample taken within 24 h of bleeding showed an 
even stronger correlation between median peak S100B and 
functional outcome by dmRS as compared with the original 
patient cohort.

The best ROC curve was generated using peak S100B. 
A cutoff level of 0.4 μg/l yielded 95.3% specificity and 68% 
sensitivity for predicting unfavourable outcome. Our results 
may be compared to those amongst patients evaluated at 
discharge from intensive care [11] reporting a cutoff value 
of 0.23 μg/l for peak S100B with an AUC of 0.837 and 73% 
specificity and 85% sensitivity for unfavourable outcome 
(GOS 1–3). Another study suggests a S100B cutoff level of 
0.4 μg/l, for mean daily values on the first 8 days after aSAH 
[25]. In that study, the AUC was 0.80, specificity 87% and 
sensitivity 50%. A third study reported mean daily S100B 
values on the first 15 days to be the most reliable value for 
predicting functional outcome. That study showed an AUC 
of 0.98, 95% CI (0.87–0.99), 91% sensitivity and 90% speci-
ficity with a cutoff of 0.23 μg/l [20]. For comparison, we 
performed a post-hoc ROC analysis using the mean S100B 
on days 0–10 and a cutoff value of 0.215 μg/l. This resulted 
in an AUC of 0.863 (p ≤ 0.001), 95.3% specificity and 52% 
sensitivity for predicting unfavourable outcome based on 
dmRS.

In our study, peak values of S100B corresponded to a 
more reliable ROC curve as compared with mean values 
for days 0–10. This might reflect fewer patients presenting 
with late complications such as vasospasm in our dataset. 
The post-hoc analysis performed to compare patients with 
samples taken every third day and those in whom samples 
were taken more frequently underlined that early sampling 
is important to catch the peak S100B value.

The multivariate logistic regression analysis was applied 
to evaluate the relationship between dichotomized S100B 
and unfavourable outcome after adjusting for other clini-
cally relevant variables. Body mass index was considered, 
but discarded due to difficulties achieving correct measures 
of both height and weight in the acute situation. Hyperten-
sion was also discarded due to large differences in severity 
between individuals, which cannot easily be assessed in the 
acute setting. Smoking habits would also be of interest but 
cannot be assumed to be available. Lastly, the Fisher grade 
was discussed, but discarded. Insensitivity of the instrument 
and differences in interpretation due to atrophy of the brain 
and its intended use to predict occurrence and severity of 

vasospasm, rather than functional outcome, led to this deci-
sion. In the multivariate model, only dichotomized S100B 
was found to be significant. The univariate analysis found 
HH and age, as well as S100B values, to be significant pre-
dictors of unfavourable outcome [9].

Our study had some limitations and advantages. A built-
in drawback of using self-assessment tests for correlation 
with a biomarker is that patients with impaired communica-
tion abilities will have more trouble filling out forms. S100B 
may not have sufficient sensitivity for identification of dif-
ferences between the patients healthy enough to answer a 
questionnaire and/or the questions may not pinpoint all the 
issues that are relevant. Due to prospective collection of data 
(2014–2018), changes in clinical practice have had an impact 
on the study. Part of the collection of S100B samples was 
not blinded to the clinicians and a certain bias might be 
suspected. A timing and frequency difference in sampling 
over time has occurred. This might have affected the peak 
value of S100B, which was significantly lower in the group 
of patients with sampling done only every third day.

Suggestions for future studies include collecting a larger, 
well-defined cohort of aSAH patients with a strict protocol 
for sampling of S100B. A multicentre study would be pref-
erable, to minimise risk of bias due to clinical decisions. 
We suggest that peak S100B within the first 72 h of bleed-
ing may be a prognostic factor for functional outcome. The 
use of EQ-5D as a tool to investigate the quality of life in 
patients with aSAH needs to be explored further.

Conclusions

We found a clear correlation between peak S100B levels in 
serum after aSAH and outcome. An S100B value over 0.4 
μg/l seemed to have a strong correlation with unfavourable 
functional outcome.

The results could be used to help clinicians estimate clini-
cal outcome. A future multicentre study would be important 
to confirm or reject our results and to establish a cutoff value 
of S100B in patients with aSAH. This would be used for 
prognostication in clinical practice.

Acknowledgements  We would like to thank Kristin Nyman for retriev-
ing data concerning outcome and quality of life.

Funding  Open access funding provided by Umea University. This 
study was financially supported by the Umeå Clinical Neuroscience 
Research Fund, Umeå University, and a regional agreement between 
Umeå University and Västerbotten County Council on cooperation in 
the fields of medicine, odontology and health.

2216



Acta Neurochirurgica (2022) 164:2209–2218

1 3

Declarations 

Ethics approval  Ethical approval for conducting the present study was 
granted by the Swedish Ethical Review Authority on the 4th of Febru-
ary 2014 (1E-99E/EIOZ). All procedures were performed in accord-
ance with the ethical standards of the institutional research committee 
and with the 1964 Declaration of Helsinki and its later amendments or 
comparable ethical standards.

Consent to participate  Written consent from the patient or their next 
of kin was received for all participants in the study.

Conflict of interest  The authors declare no competing interests

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Abboud T, Mende KC, Jung R, Czorlich P, Vettorazzi E, Priefler 
M, Kluge S, Westphal M, Regelsberger J (2017) Prognostic value 
of early S100 calcium binding protein B and neuron-specific eno-
lase in patients with poor-grade aneurysmal subarachnoid hemor-
rhage: a pilot study. World Neurosurg 108:669–675. https://​doi.​
org/​10.​1016/j.​wneu.​2017.​09.​074

	 2.	 Abdennour L, Sanchez-Pena P, Galanaud D, Navarro V, Weiss N, 
Puybasset L (2007) Gabapentin-induced coma: a MR-spectrom-
etry analysis. Neuropsychiatr Dis Treat 3:695–702

	 3.	 Fisher CM, Kistler JP, Davis JM (1980) Relation of cerebral 
vasospasm to subarachnoid hemorrhage visualized by computer-
ized tomographic scanning. Neurosurgery 6:1–9. https://​doi.​org/​
10.​1227/​00006​123-​19800​1000-​00001

	 4.	 Gerlach R, Demel G, Konig HG, Gross U, Prehn JH, Raabe A, 
Seifert V, Kogel D (2006) Active secretion of S100B from astro-
cytes during metabolic stress. Neuroscience 141:1697–1701. 
https://​doi.​org/​10.​1016/j.​neuro​scien​ce.​2006.​05.​008

	 5.	 Hunt WE, Hess RM (1968) Surgical risk as related to time of 
intervention in the repair of intracranial aneurysms. J Neurosurg 
28:14–20. https://​doi.​org/​10.​3171/​jns.​1968.​28.1.​0014

	 6.	 Junttila EK, Koskenkari J, Romppainen N, Ohtonen PP, Kart-
tunen A, Ala-Kokko TI (2011) Risk factors for 1-year mortality 
in patients with nontraumatic intracranial hemorrhage requiring 
intensive care. Acta Anaesthesiol Scand 55:1052–1060. https://​
doi.​org/​10.​1111/j.​1399-​6576.​2011.​02512.x

	 7.	 Kasner SE (2006) Clinical interpretation and use of stroke 
scales. Lancet Neurol 5:603–612. https://​doi.​org/​10.​1016/​S1474-​
4422(06)​70495-1

	 8.	 Lai PM, Du R (2016) Association between S100B levels and 
long-term outcome after aneurysmal subarachnoid hemorrhage: 
systematic review and pooled analysis. PLoS One 11:e0151853. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​01518​53

	 9.	 Macdonald RL, Schweizer TA (2017) Spontaneous subarach-
noid haemorrhage. Lancet 389:655–666. https://​doi.​org/​10.​1016/​
S0140-​6736(16)​30668-7

	10.	 Michetti F, D'Ambrosi N, Toesca A, Puglisi MA, Serrano A, 
Marchese E, Corvino V, Geloso MC (2019) The S100B story: 
from biomarker to active factor in neural injury. J Neurochem 
148:168–187. https://​doi.​org/​10.​1111/​jnc.​14574

	11.	 Moritz S, Warnat J, Bele S, Graf BM, Woertgen C (2010) The 
prognostic value of NSE and S100B from serum and cerebrospinal 
fluid in patients with spontaneous subarachnoid hemorrhage. J 
Neurosurg Anesthesiol 22:21–31. https://​doi.​org/​10.​1097/​ANA.​
0b013​e3181​bdf50d

	12.	 Navarrete-Navarro P, Rivera-Fernandez R, Lopez-Mutuberria 
MT, Galindo I, Murillo F, Dominguez JM, Munoz A, Jimenez-
Moragas JM, Nacle B, Vazquez-Mata G (2003) Outcome pre-
diction in terms of functional disability and mortality at 1 year 
among ICU-admitted severe stroke patients: a prospective epi-
demiological study in the south of the European Union (Evascan 
Project, Andalusia, Spain). Intensive Care Med 29:1237–1244. 
https://​doi.​org/​10.​1007/​s00134-​003-​1755-6

	13.	 Oertel M, Schumacher U, McArthur DL, Kastner S, Boker DK 
(2006) S-100B and NSE: markers of initial impact of suba-
rachnoid haemorrhage and their relation to vasospasm and out-
come. J Clin Neurosci 13:834–840. https://​doi.​org/​10.​1016/j.​
jocn.​2005.​11.​030

	14.	 Pereira AR, Sanchez-Pena P, Biondi A, Sourour N, Boch AL, 
Colonne C, Lejean L, Abdennour L, Puybasset L (2007) Predic-
tors of 1-year outcome after coiling for poor-grade subarachnoid 
aneurysmal hemorrhage. Neurocrit Care 7:18–26. https://​doi.​
org/​10.​1007/​s12028-​007-​0053-5

	15.	 Persson L, Hardemark H, Edner G, Ronne E, Mendel-Hartvig 
I, Pahlman S (1988) S-100 protein in cerebrospinal fluid of 
patients with subarachnoid haemorrhage: a potential marker of 
brain damage. Acta Neurochir 93:116–122. https://​doi.​org/​10.​
1007/​BF014​02892

	16.	 Post R, Germans MR, Tjerkstra MA, Vergouwen MDI, Jel-
lema K, Koot RW, Kruyt ND, Willems PWA, Wolfs JFC, de 
Beer FC, Kieft H, Nanda D, van der Pol B, Roks G, de Beer F, 
Halkes PHA, Reichman LJA, Brouwers P, van den Berg-Vos 
RM et al (2021) Ultra-early tranexamic acid after subarachnoid 
haemorrhage (ULTRA): a randomised controlled trial. Lancet 
397:112–118. https://​doi.​org/​10.​1016/​S0140-​6736(20)​32518-6

	17.	 Quintard H, Leduc S, Ferrari P, Petit I, Ichai C (2016) Early and 
persistent high level of PS 100beta is associated with increased 
poor neurological outcome in patients with SAH: is there a PS 
100beta threshold for SAH prognosis? Crit Care 20:33. https://​
doi.​org/​10.​1186/​s13054-​016-​1200-1

	18.	 Ronne-Engstrom E, Enblad P, Lundstrom E (2013) Health-
related quality of life at median 12 months after aneurys-
mal subarachnoid hemorrhage, measured with EuroQoL-
5D. Acta Neurochir 155:587–593. https://​doi.​org/​10.​1007/​
s00701-​012-​1612-x

	19.	 Rosengart AJ, Schultheiss KE, Tolentino J, Macdonald RL (2007) 
Prognostic factors for outcome in patients with aneurysmal suba-
rachnoid hemorrhage. Stroke 38:2315–2321. https://​doi.​org/​10.​
1161/​STROK​EAHA.​107.​484360

	20.	 Sanchez-Pena P, Pereira AR, Sourour NA, Biondi A, Lejean L, 
Colonne C, Boch AL, Al Hawari M, Abdennour L, Puybasset L 
(2008) S100B as an additional prognostic marker in subarachnoid 
aneurysmal hemorrhage. Crit Care Med 36:2267–2273. https://​
doi.​org/​10.​1097/​CCM.​0b013​e3181​809750

	21.	 Stienen MN, Visser-Meily JM, Schweizer TA, Hanggi D, Mac-
donald RL, Vergouwen MDI, Unruptured Intracranial A, Inves-
tigators SCP (2019) Prioritization and timing of outcomes and 
endpoints after aneurysmal subarachnoid hemorrhage in clinical 
trials and observational studies: proposal of a multidisciplinary 

2217

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.wneu.2017.09.074
https://doi.org/10.1016/j.wneu.2017.09.074
https://doi.org/10.1227/00006123-198001000-00001
https://doi.org/10.1227/00006123-198001000-00001
https://doi.org/10.1016/j.neuroscience.2006.05.008
https://doi.org/10.3171/jns.1968.28.1.0014
https://doi.org/10.1111/j.1399-6576.2011.02512.x
https://doi.org/10.1111/j.1399-6576.2011.02512.x
https://doi.org/10.1016/S1474-4422(06)70495-1
https://doi.org/10.1016/S1474-4422(06)70495-1
https://doi.org/10.1371/journal.pone.0151853
https://doi.org/10.1016/S0140-6736(16)30668-7
https://doi.org/10.1016/S0140-6736(16)30668-7
https://doi.org/10.1111/jnc.14574
https://doi.org/10.1097/ANA.0b013e3181bdf50d
https://doi.org/10.1097/ANA.0b013e3181bdf50d
https://doi.org/10.1007/s00134-003-1755-6
https://doi.org/10.1016/j.jocn.2005.11.030
https://doi.org/10.1016/j.jocn.2005.11.030
https://doi.org/10.1007/s12028-007-0053-5
https://doi.org/10.1007/s12028-007-0053-5
https://doi.org/10.1007/BF01402892
https://doi.org/10.1007/BF01402892
https://doi.org/10.1016/S0140-6736(20)32518-6
https://doi.org/10.1186/s13054-016-1200-1
https://doi.org/10.1186/s13054-016-1200-1
https://doi.org/10.1007/s00701-012-1612-x
https://doi.org/10.1007/s00701-012-1612-x
https://doi.org/10.1161/STROKEAHA.107.484360
https://doi.org/10.1161/STROKEAHA.107.484360
https://doi.org/10.1097/CCM.0b013e3181809750
https://doi.org/10.1097/CCM.0b013e3181809750


Acta Neurochirurgica (2022) 164:2209–2218	

1 3

research group. Neurocrit Care 30:102–113. https://​doi.​org/​10.​
1007/​s12028-​019-​00737-0

	22.	 Thelin EP, Nelson DW, Bellander BM (2017) A review of the 
clinical utility of serum S100B protein levels in the assessment 
of traumatic brain injury. Acta Neurochir 159:209–225. https://​
doi.​org/​10.​1007/​s00701-​016-​3046-3

	23.	 Thelin EP, Zeiler FA, Ercole A, Mondello S, Buki A, Bellander 
BM, Helmy A, Menon DK, Nelson DW (2017) Serial sampling of 
serum protein biomarkers for monitoring human traumatic brain 
injury dynamics: a systematic review. Front Neurol 8:300. https://​
doi.​org/​10.​3389/​fneur.​2017.​00300

	24.	 van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn 
J (1988) Interobserver agreement for the assessment of handicap 
in stroke patients. Stroke 19:604–607. https://​doi.​org/​10.​1161/​01.​
str.​19.5.​604

	25.	 Weiss N, Sanchez-Pena P, Roche S, Beaudeux JL, Colonne C, 
Coriat P, Puybasset L (2006) Prognosis value of plasma S100B 
protein levels after subarachnoid aneurysmal hemorrhage. Anes-
thesiology 104:658–666. https://​doi.​org/​10.​1097/​00000​542-​20060​
4000-​00008

	26.	 Wiesmann M, Missler U, Hagenstrom H, Gottmann D (1997) 
S-100 protein plasma levels after aneurysmal subarachnoid haem-
orrhage. Acta Neurochir 139:1155–1160. https://​doi.​org/​10.​1007/​
bf014​10976

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

2218

https://doi.org/10.1007/s12028-019-00737-0
https://doi.org/10.1007/s12028-019-00737-0
https://doi.org/10.1007/s00701-016-3046-3
https://doi.org/10.1007/s00701-016-3046-3
https://doi.org/10.3389/fneur.2017.00300
https://doi.org/10.3389/fneur.2017.00300
https://doi.org/10.1161/01.str.19.5.604
https://doi.org/10.1161/01.str.19.5.604
https://doi.org/10.1097/00000542-200604000-00008
https://doi.org/10.1097/00000542-200604000-00008
https://doi.org/10.1007/bf01410976
https://doi.org/10.1007/bf01410976

	Serum S100B correlates with health-related quality of life and functional outcome in patients at 1 year after aneurysmal subarachnoid haemorrhage
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	Clinical and CT evaluation
	Chemicals and equipment
	Statistical analyses

	Results
	Outcome

	Discussion
	Conclusions
	Acknowledgements 
	References




